obJective The objective of this study was to evaluate the clinical efficacy of posterior-only surgical correction of dystrophic scoliosis in patients with neurofibromatosis Type 1 (NF1) using a multiple anchor point method (MAPM). MethoDs From 2005 to 2014, 31 patients (mean age 13.5 years old, range 10-22 years old) suffering from dystrophic scoliosis associated with NF1 underwent posterior-only surgical correction using a MAPM. The apex of the deformity was thoracic (n = 25), thoracolumbar (n = 4), and lumbar (n = 2). The mean preoperative coronal Cobb angle was 69.1° (range 48.9°-91.4°). The mean Cobb angle on the side-bending radiograph of the convex side was 58.2° (range 40°-79.8°). The mean flexibility and apical vertebral rotation (AVR) were 15.6% (range 8.3%-28.2%) and 2.5° (range 2°-3°), respectively. The mean angle of sagittal kyphosis was 58.3° (range 34.1°-79.6°). resUlts The mean follow-up period was 53 months (range 12-96 months). The mean postoperative coronal Cobb angle was 27.4° (range 16.3°-46.7°). Postoperatively, the mean AVR and angle of sagittal kyphosis were 1.2° (range 1°-2°) and 22.4° (range 4.2°-36.3°), respectively. All patients showed good correction of all indices postoperatively. The mean postoperative correction rate was 58.7% (range 46.3%-74.1%). At the final follow-up evaluation, the corrective loss rate of the Cobb angle was only 2.3%. Only 1 patient required revision surgery. No severe complications such as spinal cord, neural, or large vascular injury occurred during the operation. conclUsions Posterior-only surgical correction of dystrophic scoliosis in patients with NF1 using a MAPM could yield satisfactory clinical efficacy of correction and fusion.
S
colioSiS is considered to be the most common skeletal manifestation in patients with neurofibromatosis Type 1 (NF1). This scoliosis can be divided into 2 categories: nondystrophic and dystrophic. Nondystrophic scoliosis is similar to idiopathic scoliosis, and should be treated as such. However, dystrophic scoliosis is a characteristic curve pattern described as a short, sharp, angular curve, usually accompanied by kyphosis and associated with obvious dystrophic changes. Furthermore, it is very difficult to place posterior pedicle screws and surgically correct spinal deformities due to severe dystrophic vertebral deformity, very thin pedicles, and vertebral rotation. Therefore, the treatment strategies are more complicated and significantly different from those of other types of scoliosis. 5, 9 However, there are no clinical trials analyzing, comparing, or contrasting surgical approaches for the treatment of dystrophic scoliosis associated with NF1. A high incidence of complications, including internal fixation dislodgement, breakage, pseudarthrosis, and misplaced pedicle screws, has been observed. Anteroposterior instrumented fusion has been used in most patients previously, but treatment strategies remain controversial. The aim of this work was to retrospectively evaluate the clinical efficacy of posterior-only surgical correction using the multiple anchor point method (MAPM) for dystrophic scoliosis in patients with NF1.
Methods study Population
From 2005 to 2014, 31 patients (24 boys and 7 girls, mean age 13.5 years, range 10-22 years) who suffered from dystrophic scoliosis associated with NF1, were treated at the Department of Spine Surgery, Xiangya Hospital of Central South University. All the patients had received a diagnosis of NF because of the presence of at least 2 of the clinical criteria defined by the Consensus Development Conference of the NIH on NF1 (1987). 11 Before being referred to our department, 7 patients underwent unsuccessful bracing therapy for an average period of 8 months (range 6 months-1 year). In all patients, radiography, CT, and MRI examinations revealed typical dystrophic changes, including vertebral scalloping (n = 27), rib penciling (n = 23), vertebral wedging (n = 28), short angular curve (n = 31), elongated and thin pedicles (n = 31), intervertebral foraminal enlargement (n = 15), and dural ectasia (n = 26). The apex of the deformity was thoracic (n = 25), thoracolumbar (n = 4), and lumbar (n = 2). The mean preoperative coronal Cobb angle was 69.1° (range 48.9°-91.4°). The mean Cobb angle on the side-bending radiograph on the convex side was 58.2° (range 40°-79.8°). The mean flexibility and apical vertebral rotation were 15.6% (range 8.3%-28.2%) and 2.5° (range 2°-3°), respectively. The mean angle of sagittal kyphosis was 58.3° (range 34.1°-79.6°). Clinical examination included a thorough neurological examination. No obvious neural dysfunction was found in any patient.
The indications for posterior-only surgical correction using a MAPM were based on: 1) coronal Cobb angle greater than 20°; 2) consideration of the magnitude and progression of the spinal deformity; 3) obvious dystrophic changes; and 4) age greater then 10 years old. Exclusion criteria were based on: 1) age less than 10 years old; 2) intraspinal tumor; and 3) incomplete clinical and/or radiological documentation at follow-up. The Ethics Committee at Xiangya Hospital of Central South University approved the study.
operative Procedure
During the operation, somatosensory evoked potentials and the wake-up test were used to monitor the spinal cord function, thereby preventing neural complications. Through a midline incision, the posterior spinal elements including lamina, facet joints, transverse processes, and costotransverse articulations were exposed. Then, posterior-only surgical correction using a MAPM was performed. Soft-tissue contractures and facet joint capsules on the concave side were completely released. Intertransverse ligaments and costotransverse articulation ligaments at the rigid segments were also excised. If necessary, parts of the ribs and transverse processes at the apical vertebrae were removed. Rod rotation, compression, distraction, and derotation were used for correction of scoliosis after satisfactory release. All structural curves required fixation and fusion. The mixture of autogenous and allogenic bone grafts was implanted for fusion.
A MAPM indicated that as many pedicle screws (or hooks) were placed as possible in the key vertebrae (apical vertebrae, end vertebrae, neutral vertebrae, and stable vertebrae) and adjacent to the key vertebrae to provide multiple anchor points (MAPs), which was based on the individual situation and actual intraoperative manipulation of each patient. However, due to severe dystrophic vertebral deformity and very thin pedicles (often existing in the area of structural curves), it was very difficult to place pedicle screws. To increase the number of screws and achieve MAPs, short pedicle screws that were shorter than normal (10-25 mm in length) were necessary to be placed depending on the intraoperative anatomical situation; normal pedicle screws could be cut to an appropriate length by a rod cutter or power cutter. In addition, shorter screws were not required to pass through the full length of the pedicle channel.
Postoperative Procedure
After correction, the neural system was examined. A Hemovac drain was usually removed when drainage flow was less than 10 ml over 24 hours. The patients were mobilized earlier and exercises were begun after 12 days while wearing braces. Postoperatively, all patients received bracing therapy for an average of 6 months, and then were gradually weaned off the brace.
evaluation of index and statistical analysis
We obtained anteroposterior and lateral standing radiographs of the spine at the preoperative, postoperative, and final follow-up stages and measured the following parameters on these radiographs: coronal Cobb angle of the main curve, Cobb angle on the side-bending radiograph of the convex side, flexibility, correction rate, apical vertebral rotation (AVR), and sagittal kyphosis. The data were analyzed using SPSS (version 17.0, SPSS Inc.). Paired ttests were used to compare parameters at the preoperative, postoperative, and final follow-up stages. A p value < 0.05 indicated a statistically significant difference.
results
The mean follow-up period was 53 months (range 12-96 months). The mean postoperative coronal Cobb angle was 27.4° (range 16.3°-46.7°). Postoperatively, the mean AVR and angle of sagittal kyphosis were 1.2° (range 1°-2°) and 22.4° (range 4.2°-36.3°), respectively ( Table 1 ). All patients showed good correction of all indices postoperatively, which revealed statistically significant differences between the postoperative and preoperative data (p < 0.05 for all). The mean postoperative correction rate was 58.7% (range 46.3%-74.1%).
At the final follow-up evaluation, the mean coronal Cobb angle was 30.2° (range 18.9°-51.8°); the mean AVR and angle of sagittal kyphosis were 1.2° (range 1°-2°) and 24.1° (range 6.8°-39.1°), respectively. All the indices also showed significant improvement at the final follow-up (p < 0.05). The mean follow-up correction rate was 56.4% (range 44.1%-71.3%), while the corrective loss rate of the Cobb angle was only 2.3% ( Figs. 1 and 2 ; Table 1 ).
Shorter screws were placed in the vertebrae with severe dystrophic changes and very thin pedicles in all 31 patients. No severe complications such as spinal cord, neu-ral, or large vascular injury occurred during the operation. Furthermore, there were no cases of death or deep infection. In 2 patients, the incision for internal fixation was at a position higher than normal because the patients were thin, which caused skin compression and local pain. Only 1 patient presented with hook dislodgements because of poor fusion and pseudarthrosis, which required revision surgery.
Discussion
Regarding dystrophic scoliosis in patients with NF1, the main purpose of surgery is to stabilize the spine, prevent progression of deformity, and prevent nerve injury, rather than focus on the degree of correction. Some authors have already proved the need for early and aggressive surgical intervention for dystrophic scoliosis due to the inability of brace treatment to halt its progression. Furthermore, early spinal fusion does not lead to obvious loss of trunk height because the developing curves are usually short-segment curves, with limited growth potential. 3, 12 Tsirikos et al. 11 believe that dystrophic scoliotic curves associated with NF1 that are less than 20° should be closely observed to identify any sudden rapid progression and thus prompt surgical management; for curves greater than 20°, posterior or anteroposterior instrumented fusion is strongly indicated. However, patients less than 10 years of age, when anteroposterior fusion is recommended, are in a peak growth period and posterior fusion alone may result in decompensation or the crankshaft phenomenon, because the anterior part of the spine keeps growing while the posterior part is fixed.
Treatment strategies remain controversial due to dystrophic vertebral deformity, very thin pedicles, osteoporosis, and rapid progression. 7 Kim et al. 6 believed that patients with a dystrophic scoliotic deformity of 20°-40° and kyphotic angle < 50° were simply managed with posterior spinal instrumentation and fusion; to obtain better efficacy of correction and reduce the risk of pseudarthrosis, anteroposterior instrumented fusion was recommended as the most reliable surgical option in the presence of a dystrophic scoliotic deformity greater than 40° or kyphotic angle greater than 50°. 11 However, other authors 1,2 reported that the clinical efficacy of anteroposterior instrumented fusion was still not satisfactory due to severe hyperkyphosis and vertebral rotation in young patients. The potential presence of complex tumor or excessive plexiform venous channels around the vertebral bodies made the anterior approach impossible and a second attempt had to be made from the contralateral side, or even discontinued. Furthermore, because of the dystrophy, the apical vertebrae may have subluxated, or be so severely rotated that they are no longer in alignment with the rest of the spine. Such malalignment does not allow the anterior strut grafts to be placed in the concavity of the kyphosis and so they are mechanically ineffective in preventing its progression. 4 It was found that the first-generation or second-generation internal fixation system was used in the majority of patients undergoing a posterior approach in the early years. A high incidence of internal fixation dislodgement, breakage, and pseudarthrosis was observed postoperatively. Moreover, due to obvious dystrophic changes and lack of good anchor points, it was very difficult to place posterior pedicle screws, which caused screws to be easily misplaced and fewer pedicle screws to be placed in the key vertebrae and adjacent to these key vertebrae. Parisini et al. 10 reported that the failure incidence of posterior instrumented fusion alone and of the planned anterior and posterior fusion was 53% and 23%, respectively; regarding dystrophic spinal deformities accompanied by kyphosis, the failure incidence of the posterior instrumented fusion alone was 63%. Other authors 8 showed that the incidence of complications was 43.8%, and that of pseudarthrosis was 6.3%, following posterior instrumented fusion alone. However, in this study, very thin pedicles were revealed in all 31 patients suffering from dystrophic scoliosis associated with NF1. The mean preoperative coronal Cobb angle was 69.1°; the mean flexibility and AVR were 15.6% and 2.5°, respectively; and the mean angle of sagittal kyphosis was 58.3°. Posterior-only surgical correction was performed using the third-generation internal fixation system in all patients. During the operation, soft-tissue contractures and facet joint capsules were released widely and completely. As many pedicle screws (or hooks) were placed as possible to provide MAPs and spread out the corrective force. All patients showed good correction of all indices, and the mean postoperative correction rate was 58.7%. At the final follow-up evaluation, the corrective loss rate of the Cobb angle was only 2.3%. Only 1 patient required revision surgery because of pseudarthrosis and hook dislodgements. Therefore, we deduced the following characteristics from our findings. First, due to poor bone quality and remarkable osteoporosis, the holding force of pedicle screws significantly decreased. Based on the individual situation and actual intraoperative manipulation of each patient, as many pedicle screws (or hooks) were placed as possible in the key vertebrae and adjacent to them to provide MAPs, spread out the corrective force, improve and stabilize the efficacy of correction, promote fusion, and reduce the incidence of pseudarthrosis.
Second, due to severe dystrophic vertebral deformity and very thin pedicles (often found in the area of structural curves), it was very difficult to place posterior pedicle screws, which caused screws to be easily misplaced. To increase the number of screws and achieve MAPs, short pedicle screws that were shorter than normal (10-25 mm in length) were necessary to be placed depending on the intraoperative anatomical situation; normal pedicle screws could be cut to an appropriate length by a rod cutter or power cutter. In addition, shorter screws were not required to pass through the full length of the pedicle channel, which could reduce the incidence of complications such as misplaced screws, leakage of CSF, and neurovascular injury.
Third, in this study, rigid scoliosis was observed in all patients, and the mean flexibility was only 15.6%. During the operation, soft-tissue contractures and facet joint capsules were necessary to be released widely and completely. If necessary, parts of the ribs and transverse processes at the apical vertebrae were removed for increasing spinal flexibility.
Fourth, an adequate mixture of autogenous and allogenic bone grafts should be implanted for fusion, and all facet joints need to be carefully fused to reduce the risk of pseudarthrosis. And fifth, because of a thin vertebral lamina in dystrophic scoliosis, careful exposure is required during the operation, and when decorticating for fusion, accidentally sliding the osteotome into the spinal canal needs to be prevented.
conclusions
The level of difficulty for this operation was higher, and the strategies were more complicated, for the treatment of dystrophic scoliosis associated with NF1 than that of idiopathic scoliosis. However, posterior-only surgical correction of dystrophic scoliosis in patients with NF1 using a MAPM could yield satisfactory clinical efficacy of correc- Fig. 1 . Images obtained in a 14-year-old boy. a and b: Preoperative anteroposterior and lateral radiographs show that the coronal Cobb angle was 60.7°, the angle of sagittal thoracic kyphosis was 50.1°, and the AVR was 2°. c: Preoperative side-bending radiograph on the convex side shows that the Cobb angle was 53° and flexibility was 12.8%. D and e: Preoperative CT indicates obvious dystrophic changes, including vertebral scalloping, rib penciling, short angular curve, dural ectasia, and very elongated and thin pedicles. F and g: Postoperative anteroposterior and lateral radiographs show that the coronal Cobb angle was 25.5°, correction rate was 58%, angle of sagittal thoracic kyphosis was 19.8°, and AVR was 1°. h: Postoperative CT indicates the MAPM using shorter posterior pedicle screws. i and J: Anteroposterior and lateral radiographs at 54 months after surgery show that the coronal Cobb angle was 28.9°, angle of sagittal thoracic kyphosis was 22.1°, and AVR was 1°. tion and fusion in reducing the incidence of complications. Furthermore, the primary goal of surgery in those cases is to stabilize the vertebral column and halt further progression of the deformity rather than perform heroic attempts for correction that could potentially result in permanent neurological injuries. Appropriate surgical candidates should be carefully selected prior to any procedure; inclusive preoperative evaluation and sufficient intraoperative exposure and monitoring are necessary to improve surgical outcomes.
